Priapism is defined as a prolonged and persistent erection of the penis without sexual stimulation. This is a poorly understood disease process with little information on the pathophysiology of this erectile disorder. Complications from this disorder are devastating due to the irreversible erectile damage and resultant erectile dysfunction (ED). Stuttering priapism, though relatively rare, affects a high prevalence of men with sickle-cell disease (SCD) and presents a challenging problem with guidelines for treatment lacking or resulting in permanent ED. The mechanisms involved in the development of priapism in this cohort are poorly characterized; therefore, medical management of priapism represents a therapeutic challenge to urologists. Additional research is warranted, so we can effectively target treatments for these patients with prevention as the goal. This review gives an introduction to stuttering priapism and its clinical significance, specifically with regards to the patient with SCD. Additionally, the proposed mechanisms behind its pathophysiology and a summary of the current and future targets for medical management are discussed.
INTRODUCTION
Priapism represents one of the greatest challenges in therapeutic management among erectile disorders. 1 Priapism is defined as a prolonged and persistent penile erection lasting greater than 4 h, unassociated with sexual interest or stimulation. 2, 3 It constitutes a true disorder of erection physiology, associated with risks of structural damage to the penis and permanent erectile dysfunction (ED). Priapism has been divided into three main categories: ischemic, non-ischemic and stuttering priapism. 2 This review will focus on stuttering priapism, a distinct category of recurrent ischemic priapism with an emphasis on patients with sickle-cell disease (SCD).
Ischemic priapism, also termed veno-occlusive or low flow priapism, is a persistent erection marked by rigidity of the corpora cavernosa and little or no cavernous arterial inflow. 2 The etiology of ischemic priapism is predominated by SCD. 4 Stuttering priapism, also termed intermittent or recurrent priapism, is characterized by recurring episodes of ischemic priapism. The recurrent episodes may increase in frequency and or duration, potentially developing into major episodes of ischemic priapism that necessitate emergent measures. 2 These patients having acute episodes of stuttering priapism may develop ischemia and pain with erections lasting greater than 4 h and will need treatment following the guidelines for ischemic priapism. Conversely, any person who has suffered from an acute ischemic priapic event may be at risk for developing stuttering episodes. Patients with chronic stuttering episodes, defined as those having erections lasting less than 4 h in duration, will benefit the most from medical therapy aimed at prevention.
EPIDEMIOLOGY OF PRIAPISM AND PATIENT POPULATIONS AT RISK
While priapism is a rare disorder in general, specific patient populations, namely those with SCD, are affected with greater frequencies and comprise a major risk cohort for the development of priapism. 3 In the United States alone, over 70 000 individuals live with SCD, and worldwide, estimates are as high as 20-25 million. 5 The lifetime probability for the development of clinically significant priapism is as high as 42% in men with SCD, and the rate of resultant ED exceeds 30%. 3, [6] [7] [8] Typically, there is a bimodal peak of incidence between 5 and 10 years in children and 20-50 years in adults. 9 By the time most men with SCD reach their twenties, greater than 75% of them will have already experienced their first episode of priapism, with the mean age of occurrence between 12 and 15 years old. 6, 8, 10, 11 SCD is the most common etiology of priapism in childhood accounting for 63% of cases and is the primary etiology of ischemic priapism in 23% of adult cases. 12 The fact that SCD populations are affected to a greater degree by priapism emphasizes the public health significance of this problem and, more importantly, the need for education and preventive efforts in addressing solutions.
While priapism has been recognized since 1934 as a serious complication of SCD, a study in 2008 by Bennett and Mulhall, showed that only 5% of men with SCD had ever been counseled or were made aware that priapism was a complication of SCD, while greater than 70% of these men admitted to having had a prior episode of stuttering priapism. 13, 14 These findings have been conveyed in other studies as well indicating the significance for education and prompt treatment. 6, 8 Delays in treatment and repetitive episodes of stuttering priapism lead to cellular, molecular and morphological changes in the corpus cavernosum, which over time result in tissue injury that can accumulate developing into permanent ED. 15, 16 In addition to the profound decrement in quality of life that results from having permanent ED, SCD patients that experience priapism have a fivefold greater risk of developing pulmonary hypertension, and thus, the comorbidities which follow. 4, 17, 18 With the relatively young age of initial onset and the devastating irreversible consequences of priapism, a proactive preventive approach to treatment is imperative. Current first-line therapies for acute ischemic priapism consisting of reactive surgical blood draining procedures are often unable to preserve erectile function, thus urging the development of treatments that can be offered preventatively, particularly to those who are predisposed to recurrences. It is critical for urologists to understand the clinical presentation and management, as well as the molecular science behind priapism in order to formulate therapeutic options which not only treat the acute episodes but work towards prevention of stuttering priapism, in addition to educating their patients prone to these recurrences about priapism.
PATHOPHYSIOLOGY AND MECHANISMS OF DISEASE
Since the development of a transgenic sickle-cell mouse model in 2009 to study the pathophysiology of priapism, several studies have emerged proposing novel mechanisms for the occurrence of stuttering priapism, specifically with relation to patients with SCD.
The conventional understanding is that adverse hematogenous factors, venous congestion and enhanced blood viscosity serve as the pathophysiologic basis for priapism associated with SCD ( Figure 1) . 4, 6, 19, 20 It is understood that normal erection decreases oxygen tension in the corpora cavernosa, predisposing erythrocytes to sickle. 4, 21 The sickled erythrocytes induce venous stasis and congestion, obstructing the penile vessels leading to priapism. 4, 6, 21 This results in damage to the corporal smooth muscle and vascular endothelium creating an inflammatory reaction resulting in penile fibrosis and subsequent ED and impotence. 3, 4, 6, 22 While the aforementioned mechanism may contribute to SCDassociated priapism, this conventional understanding fails to explain many divergent presentations of priapism. Recent advances in the field are now suggesting that factors involved in pathways affecting inflammation, cellular adhesion, NO metabolism, vascular reactivity and coagulation may all play a role in the pathophysiology of SCDassociated stuttering priapism. 4, 23, 24 Therefore, complex interactions between sickle reticulocytes, neutrophils, monocytes and the endothelium may provide new targets for therapy. The ultimate goal of the treating urologist is to prevent stuttering priapism through the use of pharmacotherapies that address the underlying pathophysiology of the disease.
MEDICAL MANAGEMENT
The mechanisms involved in the development of priapism are poorly characterized; therefore, the current medical management is oftentimes ineffective. Table 1 is a summary of current and future medical management options for the treatment and more importantly, prevention of stuttering priapism.
Pharmacotherapy
It is important to note that first-line therapy for patients with episodes of acute ischemic priapism evolving from stuttering priapism, remains the same as for ischemic priapism: aspiration/irrigation in combination with intracavernous a-agonist injection therapy. If a patient has an acute priapic event and associated prolonged erection for .4 h with significant pain, then this represents a true compartment syndrome and should be addressed immediately. For priapism specifically related to SCD, medical therapies such as alkalinization and exchange transfusion may be performed, after the initial first-line therapy has been initiated. [1] [2] [3] [4] 8, 15 Current American Urological Association (AUA) and International Consultation on Sexual Medicine guidelines do not recommend these therapies for primary treatment as alkalinization works to reverse the acidic environment hemolysis creates and exchange transfusions serve to increase the reduced hemoglobin levels in the body to greater than 10%; thus the penile compartment syndrome must be decompressed before considering exchange transfusion in priapism for SCD patients.
Hormonal therapy
The use of hormonal therapy for prevention of stuttering priapism has been a successful medical management option for some patients.
1-4,25-32 Systemic hormonal therapy works by exploiting the known regulators of male sexual function by targeting the hormonal axis, acting to suppress the androgenic effects on penile erection. 4 Caution is strongly advised in using hormonal treatments for prepubertal or adolescent men who have not reached sexual maturation and or in those desiring children, as side effects often result in castrate levels of testosterone creating a contraceptive effect, interfere with closure of the epiphyseal plates and have significant impairments on sexual function. 2, 21 For these men, hormonal agents are not recommended. Instead, proper instruction on the use of at-home intracavernosal self-injection therapy with sympathomimetics may be considered, ensuring that patients are first instructed on the duration of erection prompting treatment, correct injection site, dosing and potential side effects. 2, [33] [34] [35] [36] As with all medical decisions, the choice of hormonal therapy should be decided upon by both the treating physician and the patient, following an informed discussion reviewing all available therapeutic options, their risks and benefits.
GnRH agonists. Several case reports have used GnRH agonists, such as goserelin acetate and leuprolide acetate in the management of stuttering priapism with or without concurrent as-needed patient selfadministration of intracavernous a-adrenergic injections. 27, 31 GnRH agonists work by the process of receptor downregulation, thereby suppressing luteinizing hormone (LH). Initially, GnRH agonists stimulate LH production, and create a rise in testosterone levels. After a few weeks, desensitization of the LH-releasing hormone receptor ensues and production of both LH and testosterone decrease to castrate levels. While one case study reported no problems with libido or erectile function on GnRH therapy, another study by Levine and Guss using leuprolide acetate reported that while libido was maintained, erectile function was lost with total serum testosterone levels Medical management of ischemic stuttering priapism HR Levey et al 1. Systematic review (SR with homogeneity) of randomized controlled trials (RCTs), inception cohort studies, level 1 diagnostic studies, prospective cohort studies, or level 1 economic studies. Individual RCT (with narrow confidence interval), individual inception cohort study with .80% follow-up; validating cohort study with good reference standards; or prospective cohort study with good follow-up.
2. SR (with homogeneity*) of cohort studies, of either retrospective cohort studies or untreated control groups in RCTs,
.level 2 diagnostic studies, or .level 2 economic studies. Individual cohort study (including low quality RCT; e.g. ,80% follow-up), or follow-up of untreated control patients in an RCT; retrospective cohort study, or poor follow-up.
3. SR (with homogeneity*) of case-control studies, or of three and better studies. Individual case-control study, non-consecutive study; or without consistently applied reference standards, non-consecutive cohort study, or very limited population. 4. Case-series (and poor quality cohort and case control studies), case-series (and poor quality prognostic cohort studies), case-control study, case-series or superseded reference standards. 5. Expert opinion without explicit critical appraisal, or based on physiology, bench research or 'first principles'. Abbreviations: BPH, benign prostatic hyperplasia; ED, erectile dysfunction; DVT, deep vein thrombosis; FSH, follicle-stimulating hormone; GABA, c-aminobutyric acid; PDE5, phosphodiesterase type 5.
Medical management of ischemic stuttering priapism HR Levey et al 158 less than 20 ng dl 21 after treatment. 31 Side effects reported with the use of GnRH agonists include hot flashes, gynecomastia, loss of sexually induced erections, asthenia and loss of libido. 29, 31, 37 Estrogen. Only one randomized, placebo-controlled trial has been conducted using diethylstilbestrol or DES, a synthetic estrogen, to treat patients with stuttering priapism. In this study, DES therapy caused termination of the stuttering episode in all patients; however, in more than 50% of the patients (five out of nine) stuttering priapism recurred following termination of treatment. 38, 39 Several case reports have suggested that long-term estrogen therapy is not recommended due to potential cardiovascular side effects and development of ED, decreased libido and gynecomastia. 4, 26, 27, 30 In addition, DES has been associated with the development of deep venous thromboses and pulmonary embolisms. 39 Therefore, while effective in the short term, DES therapy is not used in clinical practice to treat stuttering priapism.
Anti-androgens. Anti-androgens, such as flutamide, bicalutamide and chlormadinone, cause direct suppression of penile androgen receptors. These agents have been shown to be effective in relieving stuttering priapism without the loss of libido that is commonly seen with GnRH agonists and estrogen therapy. 26, 29, 36 In a study by Dahm et al., 29 three men with SCD and refractory priapism were placed on 50 mg daily bicalutamide therapy and all had significant improvements with their refractory priapism. Yamashita et al. 26 also found that 100 mg chlormadinone acetate alleviated priapism. In their study, however, the patient complained of ED due to low levels of testosterone and subsequently elected to discontinue treatment. In another case report, Costabile described the successful treatment of stuttering priapism with 125-250 mg oral flutamide therapy three times a day. 28 In addition to these promising reports, anti-androgens are not associated with the temporary rise in testosterone commonly seen in GnRH analogues, and their side effect profile is considerably more favorable than that of DES. Common side effects of anti-androgens include hot flashes, gynecomastia, diarrhea, loss of libido and ED with higher doses. 28, 29, 31, 37, 40, 41 Flutamide specifically may cause edema or rash. Liver function should be monitored in patients on this therapy. Although anti-androgens have been shown to be effective in small case reports, this treatment does not represent a mechanisms-based pharmacotherapy and further investigation of anti-androgens in large prospective randomized trials is needed to assess their efficacy and durability for use in long-term treatment of stuttering priapism.
Ketoconazole. Ketoconazole is an antifungal agent that interferes with the synthesis of ergosterole, the main constituent in fungal cell membranes. 41 In addition to its antifungal action, ketoconazole has a resultant side effect that creates a reduction in testosterone levels which has been observed in the treatment of metastatic prostate cancer, preventing postoperative erections and various other medical conditions. [41] [42] [43] This decrease in testosterone is the reasoning behind the use of ketoconazole in the treatment of recurrent priapism. All patients receiving ketoconazole should be monitored by a physician and given daily prednisone due to ketoconazole's blocking action on the production of adrenal steroids.
In 2009, Abern and Levine treated eight patients with recurrent stuttering priapism using ketoconazole and prednisone dose titrated until patient testosterone levels were reduced to 200 ng dl 21 . 25 After a mean follow-up of 1.5 years, they reported that ketoconazole with prednisone was well tolerated in these patients, cost-effective and successfully prevented stuttering priapism while retaining sexual function. 25 While potentially effective and promising for use in prepubertal men and those desiring fertility, these results need to be extended into randomized controlled trials before gaining widespread use.
5a-reductase inhibitors. Finasteride, a 5a-reductase inhibitor, blocks the conversion of testosterone to dihydrotestosterone, and has been used to treat idiopathic and stuttering priapism. In a study by RachidFilho et al., 40 finasteride was administered for 120 days in tapering doses to 35 men with recurrent priapism secondary to SCD. Prior to beginning finasteride, the mean episodes of priapism per patient were 22.7. Following 4 months of treatment, the mean number of priapic events was reduced to 2.1 with only six men experiencing gynecomastia. The optimal outcomes were found using finasteride in 3 and 5 mg per day doses. Future large scale studies are needed to further corroborate these findings and to assess fertility and side effects using finasteride in young populations.
Of the systemic therapies that have been proposed and will be discussed further in this review for the prevention of priapism, hormonal agents, such as GnRH agonists or anti-androgens have been the most consistent successful treatments documented and are therefore, recommended as primary treatments for the management of stuttering priapism.
2,36
Other oral agents Baclofen. Baclofen, a c-aminobutyric acid derivative, is a muscle relaxant and antimuscle spasm agent shown to be beneficial in a single study in patients suffering from recurrent reflexogenic erections. 4 Both rat and human studies have demonstrated that baclofen inhibits penile erection and ejaculation through its c-aminobutyric acid activity. [44] [45] [46] These recurrent erections are associated with muscle spasticity in men with spinal cord lesions and neurologic disease. While the characteristics and pathophysiology of this form of priapism are still being studied, several reports have described a beneficial response with the use of intrathecal baclofen. [47] [48] [49] These studies suggest that oral baclofen therapy fails to elicit the same response in patients as intrathecal baclofen dosing. 47, 48 The current literature neglects to categorize this type of priapism as ischemic or non-ischemic, so additional studies are needed to assess the congruence or lack thereof between recurrent reflexogenic erections and ischemic stuttering episodes. 4, 32 In clinical practice, baclofen is not used to treat stuttering priapism but often used in patients having prolonged erections from neurological disease or injury. These types of patients include those presenting with spinal cord injury, neurogenic or distributive shock, degenerative spinal canal stenosis and spondylolisthesis. On admission symptoms will be similar to ischemic priapism with painful prolonged erections, but may include intermittent neurogenic claudication, sensory deficits, involuntary erections and other neurological sequela. 50 Gabapentin. Gabapentin is a widely used analgesic and antiepileptic agent with anticonvulsant, antinociceptive and anxiolytic properties. 51 The rationale behind the treatment of priapism with gabapentin arose from reported sexual dysfunctions such as anorgasmia and decreased potency experienced by patients taking gabapentin. While the exact mechanism of action remains unknown, studies on rats have eluded to gabapentin's therapeutic effect in the management of priapism. 41, 51, 52 These studies demonstrated that gabapentin selectively inhibits calcium influx by inhibiting voltage-gated calcium channels, thereby attenuating synaptic transmission. 41 While the molecular targets of gabapentin remain unknown, inhibition of Medical management of ischemic stuttering priapism HR Levey et al 159 calcium efflux from smooth muscle cells in the corpora, with consequent inhibition of smooth muscle relaxation, serves to explain the therapeutic response seen in gabapentin users. 41 Another potential mechanism may be gabapentin's ability to reduce testosterone and follicle-stimulating hormone levels, as seen in a study by Daoud et al. 53 In a small study by Perimenis et al., 51 three men with refractory priapism were treated with oral gabapentin. Each man responded to treatment within 48 h, and was sent home with varying doses of gabapentin to continue daily. Two men no longer experienced priapism following 16 and 24 months of treatment respectively, while one patient had recurrence of priapism at 6 months following discontinuation of treatment. Upon re-initiation of treatment, his priapism was resolved for an additional 9 months while taking gabapentin. 51 While gabapentin appears to have a beneficial effect on the treatment of priapism, larger studies are needed to examine the reproducibility of these effects, its clinical efficacy, and mechanism of action.
Digoxin. Digoxin is an inhibitor of the sodium-potassium pump, most commonly used in patients with congestive heart disease. Digoxin inhibits the smooth muscle membrane sodium-potassium adenosine triphosphatase, which reduces the sodium concentration gradient and prevents efflux of Ca 21 from the smooth muscle cell thereby increasing intracellular Ca 21 levels. 41, [54] [55] [56] This regulates smooth muscle tone leading to penile detumescence. A small in vivo double-blind placebo-controlled study involving six patients using doses of 0.25-0.5 mg per day of digoxin, reported no significant effect on patient plasma levels of testosterone, estrogen or LH, despite subjective assessments indicating a decrease in sexual desire and excitement with a concurrent reduction in penile rigidity. 55 This same group performed an in vitro study to examine these findings and reported that digoxin impaired NO-mediated smooth muscle relaxation in human corpus cavernosum smooth muscle. 55 Further, a multicenter study investigating the use of digoxin in idiopathic stuttering priapism found that at maintenance doses of 0.25-0.5 mg daily, patients reported fewer hospital visits and better quality of life with no adverse effects. 57 While there have been in vivo and in vitro studies looking at the effects of digoxin for treating priapism, the routine use of digoxin as a first-line management option is not universal, as digoxin must be closely monitored in patients due to its side effect profile and necessary blood level monitoring.
Terbutaline. Beta-agonists, such as terbutaline, act as vasodilators by blocking beta receptors, resulting in smooth muscle relaxation of the vasculature. In SCD patients, this allows oxygenated arterial blood to enter the cavernosa, washing out the stagnant, already damaged sickle cells. Therefore, terbutaline may serve as an emerging agent in the prevention of SCD-associated stuttering priapism.
Terbutaline has been demonstrated in in vivo and in vitro studies to exert a preferential effect on b-2-adrenergic receptors. 41, 52, [58] [59] [60] The use of oral terbutaline was reported in a case study of an 11-year-old boy with erections lasting over 6 h. 61 After detumescence was achieved, the boy was given 3 mg oral terbutaline and observed for 12 h. He was discharged home with a protocol to take 1.5 mg oral terbutaline three times daily for 1 week. At 6-month follow-up, no further recurrences were reported. 61 In a placebo-controlled trial of 75 patients utilizing terbutaline and pseudoephedrine in the management of PGE1-induced priapism, 36% of patients receiving terbutaline achieved detumescence, while 28% of patients receiving pseudoephedrine and only 12% of the placebo group (P,0.05) achieved detumescence. 62 In another study by Shantha et al., 63 six patients were treated with oral terbutaline for persistent erection. Five patients had pharmacologically-induced priapism, while one patient was taking antipsychotic medications. In this patient, following treatment with a shunt procedure, priapism recurred. He was given 0.5 mg terbutaline subcutaneously every 4 h for the next 48 h. 63 Full resolution of priapism occurred at 24 h. The patient returned 1.5 months later with recurrent priapism and again received 0.25 mg subcutaneous terbutaline every 6 h. Within 30 min of the first injection, the penis softened and at 24 h, priapism was completely resolved. 63 The only adverse effect reported was bilateral fibrosis of the distal corpora. However, this likely resulted from the initial shunt procedure. 63 While this and other studies have demonstrated terbutaline as an effective agent for initial management of pharmacologically induced priapism, there have been limited studies evaluating its effectiveness for specifically stuttering priapism. In addition, terbutaline has limited use, as it is contraindicated in patients with diabetes, hypertension, hyperthyroidism or in patients with a history of seizure. 41 Phosphodiesterase type 5 (PDE5) inhibitors. Recent studies have shown recurrent priapism to be related to a defective PDE5 regulatory function in the penis, resulting from altered nitric oxide and cyclic guanosine monophosphate signaling mechanisms which control erectile function ( Figure 2) . 4, 8, 15, 22, 64 A leading proposal in this regard, is that NO becomes dysfunctional in association with underlying disease states. While oral PDE5 inhibitors such as sildenafil or tadalafil, are commonly used as medical treatment for ED, exerting erectogenic effects, scientific evidence has shown they have a paradoxical effect in alleviating stuttering priapism.
23,64-68 PDE5 inhibitors work under the theory that PDE5 becomes downregulated in the penis, as a result of altered signaling of the NO pathway. This mechanism allows cyclic guanosine monophosphate to build up in the corpora cavernosa, and therefore cyclic guanosine monophosphate cannot be degraded due to lack of PDE5 function; thus, prolonged corporal smooth muscle relaxation and associated priapism occur. [1] [2] [3] [4] 22, [64] [65] [66] [67] [68] In a small case series, Burnett and colleagues 67 have shown that daily PDE5 inhibitor therapy reduces ischemic priapism episodes in men with stuttering priapism. Long-term therapy with PDE5 inhibitors alleviated priapism in men with idiopathic priapism as well as SCD-associated priapism without affecting their normal erectile capacity. 65, 68 In these studies, the initial dose of sildenafil citrate was 25 mg oral daily with escalation up to 50 mg daily, and doses of tadalafil at 5-10 mg three times a week with fair success results. None of the patients reported any adverse events associated with PDE5 therapy and only one patient did not respond to treatment. This patient had SCD-associated Figure 2 Proposed mechanism of SCD-associated priapism and management with PDE5 inhibitor therapy. PDE5, phosphodiesterase type 5; SCD, sickle-cell disease.
Medical management of ischemic stuttering priapism HR Levey et al 160 priapism with a history of severe recurrent episodes. 65 The findings in this study are encouraging, and suggest that treatment may be most useful for patients with mild or moderate disease. PDE5 inhibitors should be started in patients under conditions of complete penile flaccidity and not during a recurrent/stuttering episode. Efficacy is usually seen within 2-4 weeks of dosing. 4 Intracavernosal self-injection of sympathomimetics may be used in the interim.
Current use of PDE5 inhibitors for treatment of stuttering ischemic priapism is contraindicated by the packaging labels and therefore considered investigational at present time. 2 However, most treatment options available today fail to prevent episodes of priapism and their pathological consequences. It is here that PDE5 inhibitors offer promising new treatment possibilities for the prevention of stuttering priapism in this patient population. 22, [65] [66] [67] [68] Consequently, multicenter, randomized, placebo-controlled trials are under way to further evaluate the potential use and benefit of PDE5 inhibitors for the treatment of stuttering priapism.
Intracavernosal injections
Sympathetic amines. The primary goal of medical therapy for ischemic or stuttering priapism is to relieve the pain and decompress the corporal bodies, thus reducing ischemia and the risk of tissue necrosis and injury. 2, 4, 15, 32 Some men initiated on systemic therapies for stuttering ischemic priapism may not see therapeutic effects immediately and may require intracavernous self-injections at home with sympathomimetic agents such as phenylephrine on an interim basis until ischemic priapism has been alleviated. 32, 65, 67 Sympathomimetic agents are applied because of their contractile effects which may facilitate detumescence.
1,2 All patients should be monitored for potential side effects resulting from the use of a-agonists and entry into the systemic circulation. 69 It is important to note that while the administration of sympathomimetics to treat acute priapism attacks have been used since 1986, none of these commonly used medications are approved under the Food and Drug Administration for the treatment of priapism, despite their reported beneficial effects. 69, 70 Below is a list of some commonly used sympathomimetic agents and studies supporting their use in the treatment of stuttering priapism.
Metaraminol. Metaraminol is a long-acting potent sympathomimetic amine whose vasoconstrictive properties are considered safer than epinephrine; however, common side effects may include hypertension, coronary ischemia, cardiac arrhythmias and death. 41, 69 In a single-case study, a sickle-cell trait carrying patient was successfully treated for stuttering priapism by injecting once weekly 5-10 mg metaraminol. Complete detumescence was reported within 3-10 min following the injection. 69 Phenylephrine. In 2001, Ralph et al. 71 reported the use of a drug delivery implantation device that allowed for self-administration of intracavernosal phenylephrine for a patient with painful stuttering priapism. Through a lateral penoscrotal incision, the drug delivery implant was placed with the cannula inserted into the corpus cavernosum and the reservoir placed in a dependent position in the scrotum. After an initial titration period, the reservoir was filled with a 50-mg phenylephrine solution (10 mg ml 21 ) diluted with normal saline to a volume of 8 ml. One squeeze delivered 0.13-ml phenylephrine solution into the corpus cavernosum. The patient successfully used this device for 4 months alleviating his prolonged painful erections. 71 AUA guidelines are a set of recommendations for medical practitioners in the care of patients, based on review of current literature, clinical experience and expert opinion. While they serve as an expert guideline, they do not represent a fixed set of rules or a legal standard of care. As per AUA guidelines, phenylephrine is the preferred drug for intracavernosal injection therapy to alleviate acute ischemic priapism arising from stuttering priapism. Phenylephrine is recommended as it minimizes the risk of cardiovascular side effects compared with other sympathomimetic agents having b-adrenergic activity.
1-3 For adult patients, the recommended dose of phenylephrine is a diluted 100-500 mg per ml concentration, given in 1 ml injections administered every 3-5 min for approximately 1 h until detumescence occurs. If an erection persists after 1 h, then treatment is considered unsuccessful. Children and patients with cardiovascular disease should receive lower concentrations in smaller volumes. Patients should be observed for resultant side effects such as acute hypertension, headache, reflex bradycardia, tachycardia, palpitations and cardiac arrhythmias during phenylephrine administration. Blood pressure and electrocardiogram monitoring are recommended in high risk patients.
Etilefrin. Another sympathomimetic, etilefrine, is an a1-selective agonist that has been shown to have fewer cardiovascular effects than other agents when used intracavernosally for the management of acute priapic episodes. 34, 35, 41, 72 A case study by Teloken et al. 72 reported a 27-year-old man who presented with a 1-year history of idiopathic stuttering priapism occurring 3-4 times per week, who had failed initial treatment with oral terbutaline. The patient was started on a self-injection protocol, consisting of injecting 5 mg etilefrine intracavernosally 1 h after spontaneous erections and repeating the dose every 15 min until detumescence was achieved. 72 At follow-up, the patient reported having used etilefrine self-injections successfully for 10 years with good efficacy, libido and preservation of erectile function. 72 Other studies have supported etilefrine's safety and efficacy for the treatment of priapism and its convenience is further enhanced by the availability of both an oral and parenteral formula. 34, 35 While self-injection protocols allow for the quick management of acute priapic episodes and decrease the chance of corporeal damage, the AUA recommends that intracavernosal self-injection of sympathomimetic amines should not be considered preferred treatment options over systemic therapies. 2, 35 This is due in large part to the fact that priapism in such cases is merely being treated rather than prevented and the potential for adverse systemic effects that exists with administration of these medications. 2 Although not available in the United States, etilefrine is widely available in Europe. Other oral agents, such as ephedrine and pseudoephedrine, can be used in the States with similar success.
Future targets: molecular mechanisms Opiorphins. Several groups have been looking at the molecular mechanisms that result in priapism in order to gain a better understanding of the disease and to identify targets useful for the development of pharmacotherapies to prevent stuttering priapism. 23, 24, 41, 64, 73 One exciting area of research involves the study of opiorphins. Opiorphins are a newly characterized class of peptides that act as potent endogenous neutral endopeptidase inhibitors. 73 Recent reports have suggested that they play an important role in erectile physiology, and in sickle-cell mice, there is increased expression of the mouse opiorphin homologue in corporal tissue compared to wild-type mice. 73 Plasmids expressing genes encoding for opiorphins, were intracorporally injected into retired breeder rats and following Medical management of ischemic stuttering priapism HR Levey et al 161 intracavernous injection, the breeder rats expressed a priapic-like condition. Analysis of these rats demonstrated that enzymes in the polyamine synthesis pathway were notably upregulated in these rats as compared to controls. 73 Further, when inhibitors of the polyamine synthesis pathway were given to breeder rats prior to injection with these plasmids, it prevented the occurrence of experimental priapism. 73 These results have suggested that upregulation of enzymes in the polyamine synthetic pathway may play a role in the development of priapism and thus represent future targets for the prevention of priapism. 73 Adenosine. Adenosine is a signaling nucleoside that shares multiple features with NO; both are potent vasodilators, induce cyclic nucleotide second messengers and both affect penile erection. [74] [75] [76] [77] [78] Recent studies in both animals and humans have shown that intracavernous injection of adenosine results in tumescence and penile erection, providing evidence that excess adenosine may contribute to priapism. [74] [75] [76] Theophylline, an adenosine receptor antagonist, has consequently been shown to inhibit these adenosine-induced erections. 74, 79 These results suggest the possibility that another signaling pathway may represent a potential target for the future prevention and treatment of priapism.
PERSPECTIVES
Some of the treatments highlighted in this review are historical and no longer used in clinical practice. Additionally, limited outcomes data for many of the aforementioned treatments preclude strong recommendations for their support at this time. Currently, among the many systemic therapies that have been proposed for the prevention of stuttering priapism; hormonal agents have been the most consistent pharmacotherapy documented. 2, 36 Therefore, hormonal therapies, consisting of trials of GnRH agonists or androgen receptor antagonists, are supported as a primary recommendation and are recommended for use in the management of stuttering priapism. 2, 36 They are not, however, recommended for use in prepubertal men or those desiring fertility. Additionally, androgen deprivation does not have a pathophysiological basis and therefore, as clinician scientists we need to pursue the true pathophysiology of this disorder. For prepubertal men and those desiring fertility, self-administration of intracavernosal phenylephrine, is the most supported therapeutic option in the literature that would not interfere with reproduction or development. However, this does not serve to prevent priapism, only to treat it. The use of a drug delivery implantation device as described by Ralph et al., 71 for administration of intracavernosal phenylephrine during stuttering events may provide relief from associated fibrosis resulting from multiple intracavernous self-injections in these patients and those prone to recurrent episodes. Further, a closer look into PDE5 inhibitor and ketoconazole therapy with concurrent prednisone administration may provide therapeutic control of stuttering episodes in prepubertal men or those desiring fertility without the resultant castration levels that commonly follow systemic hormonal therapies. 25 While Abern and Levine's conclusions 25 are potentially effective, and promising for use in these men, their results need to be extended into randomized controlled trials before gaining widespread use. 25 An emerging and successful new therapy is the use of PDE5 inhibitors for the preventative treatment of stuttering episodes.
4,64-68 PDE5 inhibitors may be used initially or in conjunction with concomitant administration of intracavernosal phenylephrine injections to treat acute episodes of priapism before PDE5 inhibitor therapy has taken full effect. Research is encouraging in this avenue and suggests PDE5 inhibitors as useful preventative therapy for mild-to-moderate cases of stuttering priapism with minimal side effects, commonly seen with other systemic therapies. 67, 68 Larger trials are currently underway for the use of PDE5 inhibitors in the management of stuttering ischemic priapism; however, its use is currently contraindicated by the packaging labels and therefore, considered investigational at present time. PDE5 inhibitor therapy is the first pharmacotherapy which targets the true molecular biology of priapism. 22, 23, [64] [65] [66] [67] [68] While premature in its efforts to translate bench science to the clinic, novel discoveries in basic science research delving into opiorphins and adenosine as signaling pathways that may play a role in the development of stuttering ischemic priapism, represent exciting potential targets for future therapies directed at the prevention and thus treatment of priapism. 73, 74 While further research is needed to evaluate the safety and efficacy of systemic therapies for the prevention of stuttering ischemic priapism, a greater understanding of the pathophysiology involved in the mechanisms behind SCDassociated priapism, will continue to pave the way for novel emerging therapies to be developed focusing on prevention as the goal.
CONCLUSION
At present, there is no good medical management for the treatment of stuttering ischemic priapism, as most therapies fail to prevent the underlying cause, and focus solely on acute management of stuttering episodes. In current literature, there is no level 1 or 2 evidence to support any of the current pharmacotherapies for treatment and further research in thoughtful controlled clinical trials is needed before strong recommendations may be concluded. Unfortunately, this is difficult due to the rare nature of this condition. However, further research into the basic science behind priapism and recent published series using anti-androgens, androgen deprivation therapy and PDE5 inhibitors will highlight additional treatments that will likely be more effective, with prevention as the goal.
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